We present isotopic analyses of helium in fluids collected during two field trips at Satsuma-Iwojima and Shin-Iwojima islands in November 1998 and October 2000. These are the first reported helium measurements at Shin-Iwojima. Copper tubes tightly closed by clamps at both ends were used to sample 1) gases from high and low temperature fumaroles in the summit area of Iwodake cone, 2) gases from a fumarole on Shin-Iwojima, 3) gas bubbling from the sea-floor along Shin-Iwojima where an increasing bubbling intensity was observed between 1998 and 2000, 4) waters from Sakamoto and Higashi hot springs. For gas samples, two types of correction for atmospheric contamination are discussed, using either the neon concentration or just the partial pressure of condensable gases at liquid nitrogen temperature; this latter method turned out to be very efficient for many samples. For all gas samples, we found 3 He/ 4 He isotopic ratios between 7.1 and 8.2 times the atmospheric ratio, pointing to a magmatic origin for fumaroles both at Iwodake crater and at Shin-Iwojima island. Our measurements show a decrease of the isotopic ratios at Iwodake with decreasing temperature of the fumarole. Comparing the results of both field trips and those published in previous studies, we suggest this volcanic system is undergoing a recent increase of activity.
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served both on and off-shore, including high (>800°C) and low temperature fumaroles, hot springs and gas bubbling, which provide a good opportunity to sample and study this volcanic system. In this aim, helium has interesting properties: a gaseous state, inertness, and above all, its isotopes show contrasting ratios in the continental crust (<0.1 Ra, Ra being the atmospheric ratio) and in the upper (about 8 Ra) and lower (>30 Ra) mantle (Ozima, 1994; Farley and Neroda, 1998) . Therefore it has proven to be a powerful tracer of the origin and possible crustal dilution of mantle-derived fluids (i.e., Hilton et al., 1993b; Van Soest et al., 1998) and of short-term variations induced by active volcanism (i.e., Sano et al., 1997) . Although comprehensive studies of the fluid and gas chemistry have been carried out (Matsuo et al., 1974; Shinohara et al., 1993 ;
INTRODUCTION
Satsuma-Iwojima is a small island (about 24 km 2 and 130 inhabitants) located 50 km south of Kyushu on the north-western rim of the mainly submerged Kikai caldera (ca. 18 km in diameter). The latest caldera-forming eruption occurred 6300 years ago and was followed by basaltic eruptions of Inamuradake (mafic cone of 200 m height) and rhyolitic eruptions of Iwodake (700 m height) ca. 1300 years BP (Ono et al., 1982) . The most recent eruption began in September 1934 and led to the formation of Shin-Iwojima islet by lava extrusion from the sea-floor. For at least the past 800 years, fumarolic activity has continued at the summit area of Iwodake and ash has been frequently emitted from the crater (Shinohara et al., 1993; Iguchi, 2000) .
Various hydrothermal manifestations are ob-few helium isotopes measurements are available so far at Satsuma-Iwojima and none at ShinIwojima. As part of regional or multi-regional studies, only isolated samples of gas have been analyzed, showing their magmatic origin (Nagao et al., 1981; Sano and Wakita, 1985; Marty et al., 1989; Goff and McMurtry, 2000 ; see below and Table 2 ). We report here helium isotope data for both fumarolic gases and hydrothermal waters that we collected in November 1998 (in a field campaign organised by the hydrology section of the Geological Survey of Japan) and in October 2000 while attending the 7th field workshop on volcanic gases of the Commission on the Chemistry of Volcanic Gases (CCVG).
SAMPLING
All sampling locations are reported on Fig. 1 .
Satsuma-Iwojima Iwodake crater
In the summit crater area of Iwodake (SatsumaIwojima), several fumaroles are located around a central degassing vent which appeared in the mid-1990's (Shinohara et al., 2002) , in conjunction with shallow earthquakes and ground deformations which peaked in 1996-1997 (Iguchi et al., 1999) . High temperature fumaroles were sampled both in 1998 (740°C and 845°C) and 2000 (818°C); they were all within tens of meters from the edge of the vent. The number of fumaroles as well as their output have declined between 1998 and 2000: the main gas discharge now comes from the degassing vent which has been widening for the past few years, with a diameter reaching about 50 m today. In 2000, we also sampled a low temperature (111°C) fumarole located at about 200 m from the central vent. 
Shin-Iwojima
Diving along Shin-Iwojima southern shore enabled us to notice a substantial increase in the bubbling intensity from the sea-floor by at least a factor of three visually estimated from video tapes (Fig. 2 ). These gas bubbles were sampled both in 1998 and 2000. On shore, the fumarolic activity of the fumaroles has also risen and samples were taken in 2000 (temperature of the gases roughly estimated at 70°C).
Hot springs and water samples
Waters from two different types of hot springs (according to the classification proposed by Kamada, 1964) were also collected on SatsumaIwojima island (e.g., Shinohara et al., 1993; Hedenquist et al., 1994; Goff and McMurtry, 2000 for recent studies of the hot springs): 1) Higashi onsen, an acid-type spring (pH about 1.5) is located south of Iwodake 2) Sakamoto onsen, located just outside the caldera rim on the northwestern coast has a near-neutral pH. Both spring waters discharge at a temperature of around 55°C.
A few samples of water from the sea-surface were also collected in 1998 in an attempt to detect and map plumes of hydrothermal activity using δ
3 He values (δ 3 He (%) = (R/R a -1) × 100, where R is the isotopic ratio 3 He/ 4 He of the sample and R a the atmospheric ratio). Shin-Iwojima island between 1998 (top) and 2000 (bottom) .
Fig. 2. Increase of the bubbling intensity from the sea floor along

EXPERIMENTAL PROCEDURES
For both gases and water sampling, we used copper tubes tightly closed at both ends by clamps after flushing the volume of the tube several times using a peristaltic pump. To collect gases from the sea-floor at Shin-Iwojima, a ballasted plastic funnel connected either directly to a copper tube or to a plastic tank was needed; in case of the plastic tank, gases were subsequently transferred to copper tubes under water to avoid atmospheric contamination. In 1998, only sampling via the plastic tank was possible due to a rough sea.
In the lab, helium from water samples was extracted under vacuum into a glass bulb following a routine procedure (Jean-Baptiste et al., 1992) . Glass bulbs and gas samples in copper tubes were directly connected to the high-vacuum inlet line of a VG-3000 mass spectrometer ensuring negligible helium blanks compared to sample countings. 3 He/ 4 He ratios were calibrated against an atmospheric standard (R a = 1.384 × 10 -6 , Clarke et al., 1976) . Helium was not separated from neon, which may introduce a bias in the measured 3 He/ 4 He ratio when Ne/He ratio is significantly different from that of the standard (e.g., Rison and Craig, 1983; , depending on the total pressure in the source of the mass spectrometer. However, this effect was verified to be minimal when analyzing samples with neon concentration similar to or lower than in air (JeanBaptiste et al., 1992) , which is the case in this study.
To take into account the air contamination of gas samples (from atmospheric air or air-saturated water), two types of correction were undertaken: 1) a correction based on the determination of the fraction of non-condensable gases: the pressure of the volcanic gases introduced in the mass spectrometer inlet system is measured before and after placing a cold trap (liquid nitrogen); the approximation implied is to consider that all volcanic gases condensate (major components usually being H 2 O, CO 2 , SO 2 , H 2 S …) whereas the non-condensable fraction essentially represents the amount of atmospheric air in the sample. 2) a correction based on neon mass spectrometric measurement, similar in principle to the procedure used by Craig et al. (1978) Ne ratio of 0.318 (air ratio) to calculate the atmospheric contribution to helium. The relevance of this value can be debated for high temperature systems because of different solubilities in water or possible fractionation processes (e.g., Marty et al., 1989) , but since the corrections applied for our samples are small (<5% in most cases), a little deviation in the He/Ne ratio will hardly affect the results.
In the discussion below, we considered that 3 He from nuclear origin was negligible, relying on the analysis published by Goff and McMurtry (2000) : a maximum of 17 ppm of Li was found in rocks from Iwodake, and no high tritium contents were detected in fumaroles or waters; Goff and McMurtry (2000) concluded from their study that the thermal spring discharge waters were a mixture of magmatic fluids and a meteoric end-member only a few years older than the current precipitations.
RESULTS AND DISCUSSION
Iwodake crater fumaroles High temperature fumaroles All the results are reported in Table 1 . We measured high 3 He/ 4 He ratios for high temperature fumaroles (>800°C), slightly above 8 Ra which coincides with the widely accepted MORB value of 8 ± 1 Ra (Hilton et al., 1993a; Ozima, 1994; Farley and Neroda, 1998 and references included). Compared to other Japanese volcanic systems, they correspond to the upper range of the values measured for this subduction-related volcanic zone (Nagao et al., 1981; Sano and Wakita, 1985; Marty et al., 1989) . The ratios are close to values reported by Poreda and Craig (1989) for other circum-Pacific arcs (Aleutian islands, North American arc).
These ratios confirm the almost purely mag- matic origin of the gases (e.g., Shinohara et al., 1993) , with a negligible dilution by radiogenic crustal helium at least for the fumaroles above 800°C. We point out that the amount of air contamination is also very small for these samples (correction less than 4%); the fact that the 4 He/ 20 Ne ratios are of the same order of magnitude for all the samples collected in a same fumarole (e.g., the 818°C one) could indicate that this contamination occurs mainly below the surface and not during the sampling itself.
In contrast to low-temperature samples for which both types of correction yield results in agreement, the "condensable fraction correction" led to inconsistent 3 He/ 4 He values for gases sampled in high temperature fumaroles. This points to the presence of a gas from non-atmospheric origin which does not condense at 77 K, possibly hydrogen: Shinohara et al. (1993) and Goff and McMurty (2000) report analysis of gases from low and high temperature fumaroles sampled in 1990 and 1993 respectively, which show an H 2 content five to ten times greater for fumaroles above 850°C than for the about 100°C ones. Low temperature fumaroles The corrected 3 He/ 4 He ratio decreases as the temperature of the fumarole does contrary to what has been observed for instance at Kudryavy: same 3 He/ 4 He ratios for fumaroles between 190°C and 920°C (Fischer et al., 1998) . Since the sampling conditions were the same for all types of fumaroles, it is unlikely that the greater proportion of atmospheric air in the 111°C gas comes from the sampling but probably from a more important mixing between magmatic gas and air below the surface, which can lower the temperature of the gases; however the corrected ratios at 740°C and 111°C are still lower than those of the fumaroles above 800°C, indicating a growing crustal contamination. The distance from the magma chamber to the surface is of the same order of magnitude for all these fumaroles since they are distant from 200 meters at the most and the difference of elevation is a few tens of meters. But the actual length of the path through the cracks in the host rocks and the residence time of the gases can be different: we can suppose that the volatiles come "directly" out from the main vent, whereas gases discharging from low temperature fumaroles have time to incorporate radiogenic helium, all the more so that rocks at Iwodake crater are altered by long-term leaching by acid fluids. Temporal evolution? Thanks to its inertness and gaseous state, helium can be expected to be very sensitive to changes in magmatic activy. However data on temporal variations of stable isotopes are sparse. Studies conducted at Mt. Mihara on IzuOshima Island (Sano et al., , 1991 (Sano et al., , 1995 or at Galeras volcano (Sano et al., 1997) showed a link between the 3 He/ 4 He ratio evolution and the eruptive activity of the volcano. For Galeras, Fischer et al. (1997) showed that injections of mantle-derived volatiles increase both the He content of the gases and the 3 He/ 4 He ratios during times of high activity (frequent eruptions). Table 2 presents previous helium isotope measurements in gases from Satsuma-Iwojima from the literature. Unfortunately, besides the lack of temporal continuity, it is very difficult to compare these measurements because of the different temperatures of the fumaroles sampled, when this one is reported, and of the scatter inherent to various experimental conditions (mass spectrometers, correction to account for atmospheric contamination …). However, the ratios we measured in 1998 and 2000 are among the highest values and may reveal an increased volcanic activity to be confirmed by other means.
Shin-Iwojima
Despite their lower temperature, fumaroles on Shin-Iwojima islet display the same He isotopes characteristics as the high temperature fumaroles in the crater area of Iwodake: high corrected ratios, above 8 Ra, with nearly no atmospheric dilution. Based on their helium ratio, gases collected from submarine bubbling have apparently the same origin as those on-shore.
The wider range of uncorrected 3 He/ 4 He ratios when sampling via the plastic tank can easily be explained by variable atmospheric contamination when transferring from the tank to copper tubes; however, once this atmospheric contamination is removed, the sampling technique via a plastic tank does not lead to systematic bias and is easier to operate in case of rough sea. For all these gases, the so-called "condensable fraction correction" is as efficient as the "neon correction".
Unlike what has been observed for other volcanic systems (Sano et al., 1984 (Sano et al., , 1994 Williams et al., 1987; Tedesco et al., 1990; Sakamoto et al., 1992) , where the 3 He/ 4 He ratio decreases as the sampling point is more distant from the main vent due to crustal dilution, fumaroles at Shin-Iwojima are as rich in 3 He as Iwodake ones. This suggests that there is a plumbing system distinct from that below Iwodake to supply volatiles from the magma chamber directly to Shin-Iwojima islet. Moreover an elevation lower of about 700 m than at Iwodake and the young age of the rocks of the islet (lavas formed in 1934 and not yet altered) can be put forward to explain why these fumaroles are not affected by crustal contamination contrary to low temperature ones at the main crater. Table 3 summarizes helium measurements of water samples. As we expected, the 3 He signal in sea surface samples is rapidly diluted given the large volume of water involved and is of little help to detect hydrothermal activity. 3 He and 4 He contents in excess of air-saturated concentration at the corresponding temperature (Weiss, 1971) are reported on Fig. 3 . It shows that all these groundwaters corresponding to various hydrothermal manifestations plot on a simple mixing trend between air-saturated water and a magmatic end-member whose R/R a ratio coincides with that measured on gas samples. The contribution of crustal helium, which would appear as a shift to the right of the "magmatic" line, is small for all samples. This indicates a minor crustal dilution of the magmatic helium during its ascent and subsequent transport by groundwaters.
Water samples
The results for Sakamoto hot spring, which was sampled in 1998 and 2000, suggest a decrease in the proportion of radiogenic crustal helium be- 
CONCLUSION
Helium isotope measurements at SatsumaIwojima and Shin-Iwojima indicate very consistent values for both volcanic edifices. The 3 He/ 4 He ratio of the magmatic end-member coincides with that of MORB, pointing to a negligible dilution by crustal helium and further constraining the 3 He/ 4 He ratio of the present-day Satsuma magma. We also observed decreasing ratios with decreasing temperature of the fumaroles at the main crater.
From an experimental point of view, our sampling technique for submarine gas bubbles proved to be efficient even when the currents make the operation laborious. The "condensable fraction correction" for the 3 He/ 4 He ratio is interesting since it is very quick and easy to operate with a simple pressure gauge; however neon measurements are required in case of large amount of H 2 or other non condensable gas in the volcanic fluid.
Several observations of the fumarolic activity both at Iwodake and on and around Shin-Iwojima islet, as well as the temporal evolution of the 3 He/ 4 He ratios tend to suggest a recent change in the magmatic activity of the island. In order to confirm or deny these observations, it would be interesting to monitor regularly helium isotopes in parallel with other physical and geochemical parameters.
